sample volume was placed at the apical site of the basal segment to be as parallel as possible to the central ultrasound beam. Myocardial velocity-time curve assessment was done for the pre-ejection period, ejection period, and isovolumic relaxation time (IRT).
Speckle Tracking Imaging
We scanned the same apical 4-chamber views using speckle tracking imaging (STI) to assess regional strain rate values, which were used to identify the TDI-derived peak myocardial velocities from active or passive wall motion because strain rates based on STI may be more accurate than those based on TDI measurements. 16 STI was performed as soon as possible after TDI scanning. The frame rate was adjusted to greater than 35 frames/s, and cine loops of 3 consecutive beats were stored for off-line analysis on the workstation. 9 Longitudinal STI was assessed on the workstation as follows: first, the endocardium was traced on an end-systolic frame, and a region of interest was automatically selected to approximate the myocardium between the endocardium and epicardium. The width of the region of interest was adjusted to the wall thickness. The software then captured the myocardium, automatically tracked its motion and thickening on the subsequent frames, and divided the longitudinal image into 6 segments. 17 Longitudinal strain rate values from multiple longitudinal points were calculated, and the data was averaged into 6 segmental myocardial strain rate-time curves.
Definition of Active and Passive Wall Motion
We carefully compared the myocardial velocity-time curve from TDI with the longitudinal strain rate-time curve from STI because the cardiac cycle used to assess TDI was different from that used to assess STI. We defined the peak positive velocity component in which the corresponding longitudinal strain rate value was negative as active wall motion and the component with positive strain rate as passive wall motion (Figures 1, 2 ).
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Propagation of Myocardial Contraction
We measured the time differences from septal peak velocities to lateral peak velocities to assess the propagation of myocardial contraction. We assessed two types of time differences. First, the period investigated was limited to the ejection period regardless of active or passive wall motion. Second, the time differences were measured between the first septal and the first lateral peak derived from the first active wall motion in all investigation periods.
Reproducibility
We investigated intra-and inter-observer agreement of the diagnosis of active or passive movements with Cohen's κcoefficients. Inter-observer agreement was independently assessed by 2 observers (Y.S. and F.S.).
Statistical Analysis
Results are expressed as the mean value ± SD. 
RESULTS
Appropriate images for analysis could be obtained in all patients. Two representative cases are shown. In the first case (Figure 1 ), all septal peaks had negative longitudinal strain rate values at the corresponding points in the longitudinal strain rate-time curve, indicating that all septal peaks were derived from active septal wall motion. Note that the peak during the ejection phase was derived from the second active wall motion, not the first active motion. In the second case (Figure 2 ), the first septal peak was observed during the pre-ejection period and had a negative longitudinal strain rate value at the corresponding point, followed by the first lateral peak, which had a positive longitudinal strain rate value at the corresponding point. Thus, the septal peak was derived from the first active wall motion in the septum, and the lateral peak was derived from passive lateral wall motion. The second peaks in both myocardial velocity-time curves were observed during the ejection phase. The second lateral peak had a negative longitudinal strain rate value at the corresponding point, followed by the second septal peak, which had a positive longitudinal strain rate value at the corresponding point. In contrast to the pre-ejection phase, the second lateral peak was derived from active lateral wall motion, and the second septal peak was derived from passive septal wall motion. Thus, interestingly, active wall motion and passive wall motion in the opposite walls were linked and occurred in sequence. Corresponding color-coded myocardial velocity images are shown in Figure 3 .
The timing and sequence of velocity peaks are summarized in Figure 4 . During the investigated periods, the total number of peaks was 84 in the septal wall and 62 in the lateral wall. The average number of velocity peaks in the myocardial velocity-time curves were significantly greater in the septal wall curves than in the lateral wall curves (2.5 ± 0.6 peaks vs. 1.8 ± 0.7 peaks, P <0.001). In the septal wall curves, most of the first peaks derived from active septal wall motion were observed during the pre-ejection period (29 patients; 85.3%). In contrast, the first peaks derived from active septal wall motion in the 5 remaining patients were observed during the ejection period. Most of the peak velocities during the ejection period in the septal myocardial velocity-time curves were derived from second active septal motion (20 patients) and passive septal motion (8 patients). Fourteen patients with second active motion during the ejection period, 2 patients with passive septal motion, and 2 patients with first peak during the ejection period had a third velocity peak, which was observed during the IRT in the 14 patients and during the ejection period in the other 4 patients. In the lateral wall myocardial velocity-time curves, the first peak derived from active lateral wall motion was observed during the ejection period in all patients, although all 18 velocity peaks occurring during the pre-ejection periods were determined deriving from passive wall motion. Six patients had three velocity peaks.
When investigation was limited to the ejection periods, regardless of active or passive wall motion, the time differences were varied (17.7 ± 33.4 ms, range -56.0 to 78.0 ms, Figure 5 ). The time differences were negative in 10 patients; the lateral peak was earlier than the septal peak. In contrast, when the time differences were measured between the first septal and the first lateral peak derived from active wall motion during the investigated periods, the time differences were positive in all patients (51. 
Reproducibility
Cohen's κ coefficient of intra-observer agreement of diagnosis of active or passive movements was 0.83, and that of inter-observer agreement was 0.81.
DISCUSSION
The present study showed that myocardial velocity-time curves consist of various types of wall motion, especially within the septal wall in patients with CLBBB. The first peak velocity derived from initiation of active septal wall motion was observed during the pre-ejection period in most patients, whereas the first lateral peak velocity was observed during the ejection period. Therefore, in patients with LBBB, the septal peak velocity during the pre-ejection period should be included to assess the dyssynchrony of active contraction because TDI-derived myocardial velocity may not distinguish active contraction from passive wall motion.
The present study showed that the septal myocardial velocity-time curve had multiple peaks that were derived from various types of wall motion. Multiple types of wall motion in the septum have been reported in early M-mode echocardiography studies and recent cardiac magnetic resonance imaging studies. [18] [19] [20] In patients with LBBB, the septal wall, which is the region activated earliest in the pre-ejection period, starts to shorten early, and wall motion here is often observed as a weak contraction.
Weak pre-ejection motion has been reported as a passive motion caused by interventricular pressure difference. 18 However, recent tagged magnetic resonance imaging studies showed this early active motion to be active contraction. 20 The present study showed the second septal peaks during the ejection period to be derived from a second active septal motion or passive wall motion. The origin and mechanism of this second active movement has not been identified; however, it might be related to interaction of the left and right ventricles in combination with the weak contraction following early activation of the septum. In addition, the septal and LV electronic activation sequences in patients with LBBB are variable, which may be related to multiple septal contraction patterns. 21 We also found that passive septal wall motion is the other origin of the septal second peak. As shown in the second case, active and passive wall motion at the opposite wall were linked and in sequence during the pre-ejection and ejection periods.
Paired active and passive wall motion has been known to cause a discoordinated and inefficient contraction pattern in patients with LBBB. 22 Namely, early septal wall motion stretches the opposite lateral wall with which it is in sequence, thus creating passive wall motion of the lateral wall. Consequently, the prestreched lateral wall starts to shorten when all regions are activated, whereas the opposite septal wall has already finished contracting. The septal wall is now stretched because it is opposite the lateral wall, resulting in passive wall motion of the septal wall. In addition, the passive outward motion, the so-called shuffle motion between the septal and lateral walls, that is observed in the apical 4-chamber views causes longitudinal velocity toward the apex. 23 This paired conflict in wall motion between the septal and lateral walls is the underlying mechanism of LV dysfunction in patients with LBBB. However, passive wall motion cannot be distinguished from active wall motion on TDI velocity curves. Indeed, as shown in case 2, the lateral peak velocity during the ejection period often preceded the septal peak velocity, which may be the second active motion or passive wall motion. A previous study showed that TVI indicated a delayed contraction of the lateral wall in only 66% of the patients with LBBB. 24 These results are consistent with those of our study (70.6%). These observations suggest that the timing of peak velocity alone cannot determine the latest activated region to be the true latest region in the propagation of the activation wavefront.
In the present study, when peak velocities derived from the first active wall motion were assessed, TDI appeared to indicate mechanical propagation from the septal to lateral wall. In patients with LBBB, the electrical activation sequence shows septal breakthrough first, with latest activation in the basal lateral or posterior wall, independently of ischemic or non-ischemic etiology. 21 Similarly, a previous study with tagged magnetic resonance imaging showed that the contraction sequence propagated consistently from the septum to the lateral wall in non-ischemic patients. 20 In contrast, although other contraction sequences were observed in some of the ischemic patients, the primary contraction sequence was from the septal to lateral wall. 20 This is the most important propagation sequence in patients with LBBB, given that the primary effect of CRT is the mechanical resynchronization of the onset of active myocardial contraction by electrical resynchronization. Thus, the target of dyssynchrony assessments should be the first active wall motion, not the second active or passive wall motion.
Clinical Implications
Our concept that dyssynchrony should be assessed by focusing on regional first active wall motion shows that the septal myocardial velocity curve should be carefully analyzed because the lateral peak velocity during the ejection period could be the surrogate of lateral delayed wall motion; the pre-ejection period should be included when assessing the septal wall activation, and strain rate imaging should be used to differentiate first active septal wall motion from second wall motion including passive wall motion.
Limitations
First, this study consisted of a relatively small number of subjects, and further study will be needed to confirm the dyssynchrony pattern observed with our method in various patients with and without intraventricular conduction delay. Second, because we used STI to assess strain rate analysis, the cardiac cycle used in assessing TDI was different Further study will be needed to confirm the ability of our dyssynchrony measurement method based on propagation of the first active wall motion to select CRT responders.
Conclusions
In contrast to lateral myocardial velocity-time curves, septal myocardial velocity-time curves were varied. The septal peak velocities derived from first active septal wall motion were observed during the pre-ejection period in most patients, although septal peaks during the ejection period were derived from various types of septal wall motion including passive wall motion. When dyssynchrony is assessed in patients with LBBB on the basis of electromechanical dyssynchrony, the sequence may be represented more exactly with TDI by assessing the propagation of the first peak derived from active wall motion, and not only the ejection period but especially the pre-ejection period should be examined. 
